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eI. INTRODUCTION
The Avionics Engineering Center has been conducting research in developing a
low-cost Loran-C receiver for general aviation use. During this time there have been
several improvements made to the initial low-cost receiver design produced at Ohio
University. The most recent imrovement involves the use of a phase-locked loop oscilla-
tor to track the Loran-C signolsrlj
	At the present time this receiver appears to be a
promising candidate for a low-cost Loran-C system.
The purpose of this paper is to describe the preparation and procedure of a flight
test conducted with this receiver and also to show that such a receiver is a viable alter-
native for future work in developing a low-cost Loran-C navigat; r.
II. OBJECTIVES
The first objective of this flight test is to navigate along a line of constont time
difference using the output LOP deviation indication of thn Mini-L PLL receiver. The
results of this test could then he compared to the theoretical path that was chosen. (n
this way it could be shown that they Mini-L PLL receiver is capable of providing guidance
information along a predetermined path. Also, the results could demonstrate the possible
path deviation that would occur with the position information provided by the Mini-L PILL
receiver.
The second objective is to determine the general flyability of the receiver data
collection package. This would involve the evaluation of the method with which the
LOP data is displayed to the pilot.
III. FLIGHT TEST PROCEDURE
T he fl ight test was conducted in a Piper- Cherokee 1 00.	 The pilot was R.W.  L if ley,
J.P. Fischer was the navigator and J.D. NlckUm was the equipment operator. The
navigator was seated in the copilot position, the equipment operator was seated behind the
pilot and the equipment pallet was placed in the seat behind the navigator.
The aircraft was positioned on the romp in front of the Avionics Engineering Center
hongar at the Albany airport. 	 The flight test software and Mini-L receiver were initialized
hefore the aircraft engine was started. After the aircraft was started and idling on the ramp
the softwar- was initialized with the time and the software auto-logger was started. This
auto-logger will record in memory the time differences mid a modified GRI count after every
1200 GRI's (approximately every 2 minutes), i21	 The RUSTRAK chart recorder used to chart
the TD', was also started before the aircraft began to taxi. After the receiver was in sync,
the Mini-L PLL receiver never lost lock. It continued to track the Loran-C through the
entire flight (The receiver battery is seperote from the computer battery).
	
The Mini-L
receiver showed no difficulties in tracking the Loran-C during the flight. The Loran-C
► eception in the air wos quite g.kld even For the distant Nantucket slave.
After .ell the ege-iipment was checked for proper operation thr aircraft taxied out
to tokroff. Rom%oy 74 wos used with a left turn offer takeoff to lerod t.,ward Pomr ► ov,
Ohio.
Hie plan upon arrival at Pomeroy was to fly ove ► a p ► edt-trrmined londmark
several times and monuolly take doto with the --omputrr . Allot cooking thin passes
over fire designated loredmml, the aircraft w.:. ► ailed out on a heaAfireg olon i t the ,lesired
fliglet path (LOP 67950). Initioll y , their was some confusion obout what co ►nmq nd sense
tilt- LOP deviation indicator was showing. Oil the• flight from Pomeroy to Huntmnjton, W.
Vo. the LOP devintion indicotoi was operating in tilt' iv vise svn%ini • modc. Attrl (ills N11>
ecognired the rest of the flight to Huntington progressrd uneventfully.
	
In the vicinity
of the Huntington area there seemed to be o substontiol increast , in the I'm k ti lot,nd noke
on the loran oscill,,scope monitor .
	
flunthyfon is a highl y indushial oleo and it is possible
that, due to this heavy industry, the electrical noise might Ise higher in ;his ores than over
all unpopulated area, 	 the flight ove ► Huntington was at 5500 ft. A1SL. This relates to
opp ► oximotek 4701 tt . AGL in the Holifington oleo.
alter possing Huntington a ISO" tom wos mode obout 3 miles south of the Tri -State
oirpoil. ihr L.(-')P wo g then intercepted f.sr the` return trip to Pomeroy 	 INirirhl til t- retur'i
the • %.0twore began intermittent executioc ► . It was determined that the compoter system
battery voltage was low and about to foil . An effort ft, dump tilt- data memory in the
computer to cassette tape ended in portiol success, the flight from Albany to Huntington
and o return of obout 15 miles was actually soved on tape N-fore tilt- computer failed. Tilt-
flight was continued to Albany. the Mini-L PI l receivrr continued to function with no
pwblems during the en t ire fli g ht.	 rile receiver never required tiny ottention except to
monitor its performani e.
For foil rr flights a battery with o higher capacity has been obtained and sliclold
pnovide o longe, tIight time thon the INotter\ used for this flight.
IV ,	 LO :\'AN CONE IGURAI Ik,"IN
F;gjoiv 1 %ho\%s o mop of L.non-•C lines-.of--position (LOP's) aver an ureu %%hick WON
used for flight doto c"llection.	 the L1.ti. Last Coost (9930) choirs is used in this cost-, ..itl,
tilt- Nantucket to Cope Feor and l' lono to Cape Feur	 selected ,l ;l	 As moN ke note-d, the
LOP for pair Z (Dona - Cape I eor) is very neody o st ► oight line ove ► the• Oren of interest.
indeed, this area is locoted almost half-way be!wern the master and sto6on .- . Also, the
signals should be strong because of the relativel y small distances involved and the station
p.a.er levels. 141 Again referrity to f ig''rr 1 , it may Lie seen thot tilt- second t OP is
nearly ortl>Lcigonal to the Dono pair, 	 The loige crosshlxj angle ossurrs that a sruill .'hategr
in ro%it;oll olong the Dono LOP ssi!i cause a maximum charilj in the time difference leading
foi the Nonhockei vok, \shish oll0" s o I-ettrr rctineation..f I.,cati.,n.
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II is helpful to bear In mine the effect of distance from a transmitter oil
accuracy of a TD reading. ISI Generally, when OP er\ltir ►g further than 300-4(k) kill, from
a loran station, the hyperbolas are not well defined and the effect of propagation delays
is 111010 significant. I6, 7 1	 For the particular case brine considered here, it would be
expected that TD readir ►gs from pair Z would be fairly reliable, while these from pair Y
would be less reliable; this is compounded by the fact that the signal level farm Nantucket
is much weakrr tharr Nana and is 111010 subject to skywave c011tomir ►ation, It has been
observed in the la(, (see figure ?) that the variation ill 	 reodings for pair 7 is ?-3ps
while the variation for pair Y call 	 as rnuch as 10 fns (assuming the effects of \kywaves
are s111011, cgenemlly true .faring daytime hears).
Cross-mte interference is often irsponsible for variations ill 	 readings, paiticulaiily
for weak signals. Wren observing a TD reodir ►g Over a period of One hour of more, it nlay
be noticed that there is a cyclic variation in the readirkt because of strong cross -nite intri-
ference. Monoging this PMAdem is usoolly considered to be up t0 tier irceiver; (xur,f on
statistics, it ma\ br possible to model this eff.-itet and correct for it .
N;ngirlg the above considerations together, it could be expected that o wont-case
condition might result ill 	 reKnlir>.Is which me one-half to one kilomv'rer ill
Absolute accuracy is not one of the p0me considerations for this test; vothrr, it is
desired to fly olcng a strong LI S P and rrlote TD readings takers ill the air to various check-
points on tile ground. 	 S;I)Ce the pilot \sill be tryirl il tO center a nrt-dle while ill 	 and
including cross -rate inteiference^ a slight sirlusoi,ikil tl;,lilt path col, Id be onticipoted,
V.	 CHOOSING A FLIGHT PATH
Sunln►arizing the oix ve discussion, the U.S. East Coast (9930) chain will be used for
the fli, t ht analysis.	 Ilia stotion pairs to Ile- i sed are Y (Nantuc ket) and Z (VorxI), The test
will be mode olono ail LOP foi pair Z.	 lilt- discussion %%ill no" , center oil 	 tr y ch00%v
LOP's and map them.
A Lomn-C chart Idl \sill provide infoi motion on the geometry of available LOP's over
on area of interest. Fixim the chart, on estimate may be made as to which ionye of LOP's
for pair Z should be used. A sectional aviati,.n chart 1 91 is then consL ' Ited to locate oroas
where good londmnrks may be obtoined. Goof Iondmorks include major road-highway
internet tions, loin jr indust r ies, schook, and koildirxis, or points alone n river .
Now that a particular area has been selected, it is desirtible to p lop [g ran ti11re dif-
fert-rlces oil this ,lea.
	
11y claosinxt various points kill the mop, the corresponding time
differences m7 be found by t t.e use of motherrl.lticul I lU, I I l calucations or computei pro-
grams. I 3 . 7 . i /l	 To map oil 	 one pair is selected .,s constant, the other LOP is
incremented by a fixed 01110i1nt, and the corresponding gr,-graphic coordinotes air computed
I.^, r 'Il	 all,f pl,stted
	
Flgl'lr 3 silo\\z a floN"Cltalt J RSlgned for this piocedoie; a correspondirki
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computer program is shown in Appendix A. The program is desib.:ed so that many LOP's
may be plotted to give a better choice of which one to use.
For plotting LOP's on the sectional map, it is only necessary to plot two or three
points and draw a line through ti em. As mentioned earlier, the LOP for pair Z is almost
a straight line. Once these LCP's are plotted on the sectional, they are examined to
see if they pass aver or near good landmarks. In some cases, it may be necessary to
adjust them somewhat so as to cover more landmarks. To obtain gr , •ater detail, these
coordinates may then be plotted on a topographic map, such as those published by the U.S.
Geological Survey. A topographic map with a scale of 1:24000 was used and shows many
good land details. An example of an LOP plotted on the topographic map is shown in
Figure 4.
VI. AIRCRAFT CONFIGURATION
The oircraft configuration included in a crew of 3 and the loran-C equipment pallet.
The Loron-C system descript;on as configured for this flight included the following.
The receiver 121 used the aircraf..TF antenna. The preamp was not placed directly
at the antenna terminals. A short piece of RG-58 coax cable connected the antennc to the
preamp. The con- length was approximately 1 .5 meters. Tile preamp used was a higher
gain version of the one used in the lab tests. The opproximate gain is 30 dB. The receiver,
computer, cassette tape retarder and RUSTRAK chort recorder are all mounted on a small
pallet which can be secured sideways on or a of the aircraft seats. The system battery pack
and another cassette recorder, used for voice recording, were placed on the floor of the
aircraft.	 The lines of position (LOP) deviation indicator was positioned under the throttle
pedestal so that the pilot could see it. A block diagram of the system is included in Figure
5.
VII. DATA REDUCTION
During the flight several different schemes are used tc , record the data collected
during the flight.	 The first method is the ability of the flight test software to record two
time differences and the clock time the TD's are recorded. This data is saved in RAM
memory and later, after the flight, is transferred to cassette tape.
the second method is that the two least significant digits of both TD's are charted
on a RUSTRAK chart recorder. This allows an immediately-visible record of the flight track.
The third data recording method is a data planning 'recording form. This form,
shown in Figure 6, can serve two purposes. First, the flight is planned using this form.
Landmarks ore chosen and written in before the flight. Second, during the flight if a data
point is taken manually the time and (iota point number (DPTn) is recorded on the form
-9-
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Figure 8.	 Flight Test Data From 370.
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1hr f ligh t progresses up t
i le chart and tile,,, Mown to the 1%ottom light of the figure and to
the top again. Figure 11 is o part of file ,,lap used to plot the larldnlarf.s.
The dato points (DPIO oil Figure 11 ore the some ones referred to ill Rgures 4, R, 9, 10.
The flight path was flown ssith Irfelroce to the M-Z LOP as 67950 'is instmid of
the 67954 Lr i P plotted on the ,,lops beCauSe of o fairly constant -4 f, &% diffrience behseen
the colculoted Loran lOP.of the receiver and the geogratiIiic to Loran cornputri prtoitianl,
hrfrliirlq to I igure 1 I Moto points 10, 12, IS .lie points tslken directly over the londrlxlrk
shom' n in the cilcle.	 ITIe tO p 's in this crew are nroll y oitho;).orlol.	 The pair that provides
the t-'10-to-west Faosition information is M-7. This poir is file shongest of the two used
dmirk the flight. The M-Y pole, which gives the, north-south position infornlotion is a
much s%e, kei poir with ,,inch skvwove contanlinotion in the Y signal . Since the sigmil from
Y is sseoker the, recriver would be expected to sample later in the waveform, This -.% ould
provide the • indication thot the ochlol 101' is farther hom the poll them it actually is.
I xominoti,on of Fi^)ure 4 it is sern theft tile, 1.-\V position is very close to collect. The N-S
position is south of the correct position sshic,l is what would be expected if the receives
seas sarllplirlq Into Oil the %%rok shltioll. 	 Since the posltionini ^wol of this Ir:eiver deve-
loped kelr of Oliici Llnivri.ity is o position error of oboot 1 mile,it opprol. that with the,
data sholsn, this may be ov o iloble %sith tile current ivieiver. 	 It will definitely require
much mole, Information to evaluate tile OCtual OCCLI a CV Of the, Mm;-L Pl I receiver,
I It L-It . I 1 k the t opo,)lophicol p lop for the Alkiny Airport orro. Ike some shifting
effects noted before ore again present here, i i I'1 I \sos taken in front of the han.lor on the
vamp, The position is shifted south-%vest of the of tool positi: rl with respect to the M-Y
LCIP pair .	 The position into rmotion fl,"m the otlrl pull is , loser but this is only one doto
point, sskicll could be rl.o ise-contominoted .on a s;rnrlr sample kxisis.
The data colle.led consist of recorded time differences. Foch of tl , e+e time dif-
fe• len es may be Convelted to its Corlesponnfliy jjeojlophic coordilklteS USint) teChnigL1t-%
discussed earlier . Once the c:oor,iinotes are computed, they may be processed by the
computer In such o moaner so that they may be plotted on o gmphi: plotter. Ike com-
po ted dato points may Ulso l i t+ plotted on 0 shop aS shown in Fi.jme I I . 'Vpendix L Show s
o h,"I RTR AN program sshi:h moo be used to process the, flight ,iota and plot th- Ircults.
This pnti)lom mods in the finer diffe loncrs .ond places them in tohles \014 . 11 arc• then .eat
to file plottel ,
	
Nised oll this picy lalll, otht • I plog roms Il ov be w i ltte n to, foi t--.ample,
read the recooided time, diffelrnces, convert them t o ,tecyropllic Coor.finotes, place these
0001dinoteS In tohles 010 plot the results, 	 All of these pro(gr[lms List- the s tandard plottt•I
subroutines sohich ale ovoiloWe on the IBM S\oem 3 710 in use, at Ohio llnivrlsity.
Hijures 1 ^, 13, and 14 show the results of usinp this procedulr to plot varrouS arrange-
ments of 1, 141 11t .into. 1`41vir 1^ is simply the ldrol fli ')l,t :ours, plated for comporison
pt'1T'oses,
	 l igolt • 13 shol\s o plot of the octool 101 , 0 ", %n with tin g e'Wfetrence	 as the de-
pendent volioble and fine diffrlence Y as the independent variable, All interesting point
to note here, is the reseml`lonce of this ^jiuph to that of a dompe-d sinusoid.	 The initial wide
excursion from the moon k the moon is plottod in I i,IL-le 1: indicotrs the fli.)ht :lows'
"Catchin.) Oil" to the- .c• nsill.) o the, nletelirl.r systrnl.	 lhereoftes, the deviation from fil e mean
is much less,
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A first glance at Figure 13 may suggest a poor performance at flying an LOP.
However, an analysis of Figure 14 gives a somewhat more fomiving result. This is a plot
of position with the lorlgitude vs. latitude. Here it may be seen that even at the worst
deviation from the mean, the actual displacement is about two kilometers. The excursions
indicated to the left of Figure 13 and the lower right of Figure 14 are the passes made at
the beginning of the trip over the first checkpoint. The location of the checkpoint is
midway between the looping lines.
Using the computer and the mechanical plotter to graph flight test results saves
much manual	 Steps are currently being taken to make it f-osier to load ►h e flight
test data from the microcomputer to the IBM 370. Also beirsg planned are new computer
programs for plotting data on standard size maps for easier analysis. The use of a comput-
ing facility greotly reduces the time and work required to reduce and onalyze flight test
data .
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C . Soto Reduction Program.
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f1. lurnn-C Flight Test MINI.
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1.1:
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j7.:
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11:16:52 53929,0 6/9a4.0
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11:1801 53957.0 67959.0
11:18 01 53
1
957.0 6?958.0
11:19:3u 53966.0 67959.o
11:20:50 539B1.0 67950.0
IM
 MY 54006.0 67948,0
11:24:4H 54031.0 W9570
1.1.:26:47 54057.0 67962,0
*1:20:46 54082.0 67955,0
11130:46 54110.0 67940.0
11:32:45 54135.0 67949,0to 11:34:44 5415510 6i952.0
AL 11:36:43 54184.0 61954.0
11:36:53 ;541£13.0 61949,0
11;38:42 54211.0 6/948.0
11:40:41 54229.0 61950.0
11:42:41 54210.0 67955.0
11:44:40 54101.0 67953.0
3 11:4035 54158.0 67955.0
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E.	 Program Listing for Plotting Flight Data.
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^	 80
C
C
C
D1MENS1DN
	 DUF(5OOO),Y<36
	 Z(38) ACF00010
c- ACF00p20
C	 PROGRAM TO PLUY ON GRAPHIC PLOTTER THE RESULTS OF FLIGH - T	 [ES?. ACF00030
C	 -	 DATASET	 12	 18 A / [LE CUN}A|N[NG T||[
	 TIME	 DIFFERENCES TAkLN ACF00040
L	 UUk1Nb	 I||[
	 FL1GHl, ACF00050
C - SLALL FACTORS ARE READ IN TO ALLOW ADJUSTINO T2 DESIRED ACF00060
C	 D1MENSIUNS, ACF00070
C	 DAFASEF	 11 CONTAINS DATA POINTS FOR PLOTTER. ACF00080
C ACFq0O90
PRINT 5 ACF00100
5 FORMAT(WENTEQ SCALE DIMENSIONS.') ACF00110
READ 6,YLNG[H,ZLNG[H,Y6iZE " ZSIV^. ACF0012«
d	 FORMAT(110^0) ACF0O|30
CALL PLOTS(8UF°20080v11) OLn^^-
m^^^ ACF0014OR^AD(J2,1>^Y(l),^(I)°I=1"34> '^«~`—	 ~^- ACF00150
^	 ^	 ~FUkMAT('^F5
	 O) ^^vr~'~'^ ACF00168
C' ACF00170
C	 SCALE	 lN|'Ul
	 DATA ACF00180
C ACF00190
CALL	 SCALE(Y,YLNGlH ° 121,1,|O ^ ) ACF00200[ALL	 3CAL[(Z,ZLNCiH,121,1,|0 ^ ) ACF00210
C ACF0022O
DkAW AXES
	 A[FO0230
ACF0O24O
CAUL AXlS(i ^ 0,1 ^ 0,'TUY M1CNOSECONDS',-16,YSIZE,0,0"Y(35),Y(36),1O^4CF00250
ACF00260
CALL AhIS(1 ^ 0,1 ° 0,~7l/i MICRUSECUNDS'v16"ZSIZE,90^,2(35)vZ(38),1O.)ACF00270
ACFQ0280
/.U| DATA (CONNECTING DATA POINTS)
	 ACF00290
ACFO03OO
CALL PLOT(11,1.03)
	 ACF00310
CALL L[N[(Y,Z,121,i,1,1)
	 ACF00320
C ACF00330
C	 |%]NT THE HEADING ACFO0340
C	 - ACF0O350
CALL P1.004 ^ 00,023/ ACF00360
CALL SYMBOL(O,0,0 ^ 0, ^ 17,'MINI-L KIM1 FLIGHT CHECK50 ° 004) ACF00370
:ALL 3YMB0L(999 ^ ,999,,~17,21,0.0,-1) ACF00300
CALL SYMB0L(999.v999,,,17v'ACTUAL FLIGHT	 LOP',0 ^ 0,17) ACF00390
C - ACF00400
C	 |1N15HED/ ACF00410
C ACFOO420
CALL ['LOT(0 ^ 0,O ^ O ° 999) ACF00430
S|OP ACF00440
END ACF00450
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